We investigated the time and temperature dependence of photobleaching effects in RBa 2 Cu 3 O 7−␦ single crystals ͑R =Y,Pr͒ by Raman spectroscopy and Monte Carlo simulations based on the asymmetric nextnearest-neighbor Ising model. In a temperature range between 40 and 300 K the bleaching slows down on cooling, displaying a pronounced change in dynamics around 160 K for R = Y. To model this behavior we extended the Ising model by introducing a single energy barrier which impedes oxygen movement in the plane unless the oxygen atoms are excited by light. We obtain a time-and temperature-dependent development of superstructures under illumination with the fastest change at intermediate model temperatures. The chainfragment development in the simulation thus matches the experimental low-temperature dynamics of Raman photobleaching, providing further support for oxygen reordering in the chain plane being at the origin of Raman photobleaching and related effects.
I. INTRODUCTION
In oxygen-deficient RBa 2 Cu 3 O 7−␦ a number of unusual effects observed with various methods are related to structural changes in the chain plane of the material. Samples quenched from high to about room temperature show spontaneous reordering of oxygen atoms in the chain sites on a time scale between hours and days. [1] [2] [3] The structural development has been monitored with x-ray and neutron scattering, both verifying a shortening of the crystallographic axes and the formation of superstructure patterns with full and empty chains for values of oxygen deficiency around ␦ Ϸ 0.5. [2] [3] [4] [5] While the R = Y compound has been the most thoroughly investigated, superstructure ordering has also been found for other RBa 2 Cu 3 O 7−␦ materials. 6, 7 Along with this reorganization the critical temperature of the samples was observed to increase, pointing to the close connection between chain length and carrier concentration in the superconducting planes. 2 Calculations of the Cu1 valence in different oxygen surroundings explain the charge transfer involved. 8 This correlation between structure and electrical properties has also been shown by application of pressure, after which the critical temperature also remains enhanced as long as the sample is kept cool, but relaxes when it is warmed up to room temperature. 9 Other metastable effects are induced by illumination, such as persistent photoconductivity, where after exposure to visible light conductivity and, in superconducting samples, critical temperature show a metastable increase. [10] [11] [12] [13] [14] Among the optical methods, Raman spectroscopy is particularly suitable for the investigation of oxygen reordering effects, as the spectra show a group of peaks related to vibrations of the chain oxygens, which lose intensity under illumination. [15] [16] [17] [18] [19] [20] [21] Again, this change is stable at low temperatures even after the illumination has been stopped, but reversible when the material is heated to room temperature.
While the relation between these experiments is not yet fully understood, some properties are remarkably similar. All effects occur only in samples with oxygen deficiency, they are frozen in (or metastable) at low temperatures but active (or reversible) at or above room temperature, the crossover being around 250 to 280 K. This range matches the glass transition of the thermal expansion coefficient found in underdoped material ͑␦ Ϸ 0.1͒, which was also assigned to a chain-forming contribution. 22 Another common property is the functional form of the dynamics displayed in transport, annealing, and Raman experiments. All show a stretched exponential behavior, which is typical of disordered systems with a broad, statistical range of relaxation times and is often found in the context of glassy materials.
The reordering of oxygen atoms in the chain plane can account for at least part of these experimental observations. It has been shown that ordered superstructure patterns of full and empty chains in the chain plane are energetically favorable and provide a higher doping level of the superconducting planes than statistically distributed vacancies. 8 The structural phase diagram of YBa 2 Cu 3 O 7−␦ has been simulated with the Monte Carlo based asymmetric next nearest neighbor Ising (ASYNNNI) model as developed, e.g., by Andersen et al. 5, [23] [24] [25] [26] [27] For spontaneous oxygen reordering above room temperature, x-ray and neutron diffraction provide direct evidence for the link of transport properties to axis shortening and superstructure development. [2] [3] [4] [5] Both pressure and illumination reduce the c-axis length and increase the critical temperature due to the charge transfer they induce. 9, 28 This suggests that the microscopic process is similar to that for spontaneous reordering. With decreasing temperature, this spontaneous reordering freezes.
Although the precise origin of the Raman signal with its uncommon bleaching behavior is not fully understood, the relationship to the Cu-O-chain plane is evident. First, the Raman peaks appear in oxygen-deficient material only, reaching their peak intensity around ␦ = 0.3. 18 Their selection rules are such that they appear only with incident and detected light polarization parallel to the chain direction; a Raman tensor with this symmetry does not exist in the ideal crystal. 29 Second, an isotope site selective experiment with 18 O displayed a frequency shift appropriate for substitutions in the most easily affected chain plane. 30 The bleaching effect as well is triggered solely by light polarized along the chain direction. 15, 31 Several mechanisms of Raman activation have been discussed, which are all related to chain formation and defect sites in the chains due to oxygen vacancies. 15, 17, 18, 20, 31 This motivated us to study in detail the bleaching dynamics and its temperature dependence, and to model the chainfragment development for comparison with our Raman results. Our working hypothesis is that light excitation revives the site changes of oxygen atoms, enabling reordering below the threshold temperature on a time scale observable in the laboratory. Raman spectroscopy is sensitive to this structural change rather than to changes in the carrier concentration or mobility.
In this paper we present a detailed investigation of the temperature dependence of Raman bleaching in the range between 40 and 300 K of the reversible oxygen ordering effects in YBa 2 Cu 3 O 6.7 and PrBa 2 Cu 3 O 6.7 single crystals. The time constants vary drastically with temperature, showing much faster decay for R = Pr and a remarkable change of behavior for R = Y around 160 K. Using an adapted ASYNNNI Monte Carlo simulation we explain the form of decay and its variation with temperature in terms of oxygen reordering via neighboring site hopping in the chain plane.
A brief description of the sample preparation and the details of the Raman setup in Sec. II is followed by the timeand temperature-dependent Raman results in Sec. III. In Sec. IV we introduce the simulation setup and compare the simulation results to the Raman decay.
II. EXPERIMENTAL DETAILS
For the Raman experiments samples of crystalline YBa 2 Cu 3 O 6.7 were prepared using the flux-growth technique with yttria stabilized ZrO 2 trays. The method and proportions were the same as in Ref. 32 . The chosen crystal was subsequently detwinned under uniaxial stress as described elsewhere. 20 The same procedure was used to grow the PrBa 2 Cu 3 O 6.7 sample, with special care to choose single crystals with no Y contamination from the trays. The oxygen content reduction for the Y and Pr samples were performed at 507°C in an oxygen atmosphere of 14.5 mbar followed by a controlled cooling down process. 33 The samples were kept at room temperature in the dark for several weeks and quenched from 293 K to low temperatures with a cooling rate of 20 K / min using an Oxford cryostat. All bleaching Raman measurements were recorded in backscattering geometry on a previously unilluminated spot of the sample using a triple grating spectrometer equipped with a nitrogen cooled charge-coupled device detector. For excitation the 568 nm line (power P = 6 mW outside the cryostat) of an Ar + -Kr + laser was focused on a spot of about 100 m in diameter. The laser light served as excitation as well as for bleaching the samples. The bleaching was observed by taking sequential spectra with an accumulation time of 90 s for a total illumination period of 45 min.
III. EXPERIMENTAL RESULTS

A. Raman spectra
Raman spectra of an untwinned single crystal of YBa 2 Cu 3 O 6.7 and a twinned single crystal of PrBa 2 Cu 3 O 6.7 at various temperatures are shown in Fig. 1 . The spectra were taken with an excitation wavelength of = 568 nm , which is at the center of a resonance [full width at half maximum 160 meV (Ref. Although the relation to the chains is known, the activation mechanism for the defect peaks has not yet been clarified. 17, 18, 20, 21, 31 One possibility which accounts for the large number of peaks as well as their joint bleaching is that the structures reflect the partial density of states when the chains and symmetry are broken. Figure 2 shows sequential spectra of 90 s integration time of the two samples at T = 40 K, starting at the top, to 45 min total illumination time at the bottom. While all defectinduced peaks decrease in intensity, the Raman-allowed modes remain constant; see, e.g., the B 1g -like mode at 301 cm −1 in the PrBa 2 Cu 3 O 6.7 sample. The peaks recover to their original intensity when annealed at room temperature in the dark, but a time-dependent tracing of the process using Raman spectroscopy is obviously impossible. Figure 3 shows the large temperature dependence of the intensity of the largest defect-induced Raman feature (at 232 cm −1 in YBa 2 Cu 3 O 6.7 and at 228 cm −1 in PrBa 2 Cu 3 O 6.7 ) versus illumination time. For a more detailed description, parameters are extracted from the curves in Fig. 3 using a stretched exponential function, which is typical for heavily disordered systems, to describe the Raman intensity:
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B. Time-dependent Raman bleaching
34 I͑t͒ = I 0 exp ͫ − ͩ t ͪ ␤ ͬ + const.
͑1͒
The fit parameters are given in Fig. 4 . In a different Raman investigation on YBa 2 Cu 3 O 7−␦ by Panfilov et al., a simple exponential function was used; however, it does not describe our data well, as we clearly find ␤ Ͻ 1. 18 A small value for ␤ corresponds to curves with high initial steepness and flat asymptotic behavior compared to a simple exponential function. The decay times are displayed in Fig. 4(a) , showing that the decay becomes much faster with increasing temperature. In the case of R = Y, the decay times exceed the duration of the experiment ͑45 min͒ for the lowest temperatures investigated. The Raman intensity in R = Pr decreases faster by an order of magnitude in comparison to Y, in accordance with our previous findings in an investigation on a set of samples with different R at fixed temperature. 21 While PrBa 2 Cu 3 O 6.7 as the only nonsuperconducting member of the RBa 2 Cu 3 O 7−␦ family might be expected to be exceptional, we found in previous investigations that its shorter decay time is in accordance with the other RBa 2 Cu 3 O 7−␦ compounds. PrBa 2 Cu 3 O 6.7 has a considerably larger unit cell and is more tetragonal than YBa 2 Cu 3 O 7−␦ . Both oxygen-atom mobility in the chain plane and the chain-building tendency are then different. The faster decay indicates lower barriers against oxygen hopping.
The exponent ␤ is shown in Fig. 4 (b). Interestingly, for R = Y the shape of the bleaching curves changes toward a steeper beginning and flattened end at temperatures above about 160 K, which is reflected in a pronounced change of ␤ between two fairly constant values [0.70 and 0.35 (±0.05); full symbols in Fig. 4(b) Fig. 4(b) ], in contrast, shows constant ␤ = 0.35 ͑±0.05͒. It remains an open question whether PrBa 2 Cu 3 O 6.7 does not display a change in ␤ at all, or the corresponding temperature threshold is below the reach of our investigation.
The change of decay in that temperature range points to a change in the type of dynamics, or maybe to an energy bar- We therefore conclude that illumination-induced oxygen hopping in YBa 2 Cu 3 O 6.7 is governed by a different, smaller energy barrier than thermally induced reordering.
The curves in Fig. 3 show that a slow decay at low temperatures is combined with high starting points in the first illumination time interval. We mentioned the different initial amplitudes in connection with Fig. 1 . This behavior is a consequence of the finite accumulation time of 90 s for the first spectrum of a series. The initial intensities extrapolated from the fits [Fig. 4(c) ] are roughly constant, showing even a slight increase toward higher temperatures for R =Y.
The high-temperature decay ends at higher values of peak intensity than some of the intermediate decays: the most efficient bleaching occurs at 190 K in our experiments. This is best seen in Fig. 4(d) , where we put the background values (the constant in the stretched exponential fit equation) from the fits as well as the last data point of each set. A discrepancy between these two values indicates that the decay is far from equilibrium. A comparison emphasizes what is obvious from the decay times already: Most of the dynamics are completed within the experimental time span of 45 min. Only for the two lowest temperatures ͑T Ͻ 70 K͒ in R = Y is the decay slowed down so much that large uncertainties of the fit parameters result.
In the oxygen-reordering model these results can be read as follows. The intensity of defect-induced Raman peaks can, quite independently of the actual activation mechanism, be a measure for the density of symmetry breaches in oxygendeficient RBa 2 Cu 3 O 7−␦ . The symmetry is disturbed where a missing oxygen atom interrupts a Cu-O chain, which is translation invariant and not Raman active in the ideal structure. Illumination decreases the Raman intensity, so the number of open chain ends must be reduced by the development of longer full or completely empty chains at the expense of short fragments. This implies that light excitation enables oxygen diffusion in the plane in a temperature region where thermally activated movement is frozen. At low temperatures, it is reasonable that the equilibrium state is more ordered than the frozen-in high-temperature configuration. However, the Raman decay shows a temperature dependence with the most efficient bleaching occurring at intermediate temperatures, indicating a nonmonotonic, more complex dynamical dependence. In order to discuss this decay data in more detail in terms of the oxygen-reordering model we set up a simulation of chain fragments in a two-dimensional grid.
IV. SIMULATIONS
Monte Carlo simulations using neighboring-site hopping (Kawasaki dynamics) on a two-dimensional grid were done in order to describe the form and temperature dependence of Raman intensity decay in the oxygen-reordering model. A description of the anisotropic chain plane interactions in which is probably the relevant case for our oxygen concentration, with a set of four parameters. We base our calculations on this setup, although there has been much work on a more detailed description. [23] [24] [25] [26] [27] The dynamical properties of the ASYNNNI model and oxygen reordering have been studied in detail in Refs. [35] [36] [37] [38] , focusing on the range of thermally induced reordering above room temperature. Below room temperature, Federici et al. have shown that a stretched exponential decay of illumination-induced change in transport experiments can be obtained using a cellular automata model. 13 Our aim is the modeling of the main dynamical process of the pattern building for a fixed oxygen deficiency matching our samples, explaining the properties of the lowtemperature Raman decay within the picture of light-induced oxygen reordering.
Following the arguments from Sec. I and conclusions from Sec. III, we make the following assumptions for the model. The Raman intensity of the defect-induced peaks is taken as a measure of fragmentation in the Cu-O chain plane of RBa 2 Cu 3 O 7−␦ . Light excitation enables reordering of oxygen vacancies within the chain plane at low temperatures, analogous to the thermally activated effect observed at higher (room) temperature. As in persistent photoconductivity relaxation, an energy barrier is associated with the thermally activated recovery process. 12, 14 Therefore, an energy barrier is introduced in the simulations, resulting in "frozen disorder" when the simulation is quenched from high temperatures. Illumination triggers further reordering at low temperatures by disabling that barrier. The fragment number is then monitored and compared for different temperatures during the simulation, showing the development from a frozen-in disordered state toward the equilibrium state.
A. Simulation setup and general properties
The next-nearest-neighbor interaction energies for four sites relative to an oxygen position are defined in 
with ͑r͒ and ͑rЈ͒ being one for occupied sites and zero otherwise, and the sum running up to the number of nearestand next-nearest-neighbor sites as defined in the left panel of Fig. 5 . We used a 120ϫ 120 oxygen site matrix with periodic boundary conditions. All simulations started with a randomly chosen configuration, which was annealed to equilibrium at 180ϫ 10 −3 V 1 / k B simulation temperature. After annealing, it was quenched to the temperature of interest and left for 3 ϫ In addition to the static model setup, the dynamics is chosen to model the movement of oxygen atoms in the planes (Kawasaki dynamics). In a Metropolis step an oxygen atom can change to a nearest-neighbor site (corresponding to a V 1 relative position in Fig. 5 ), or to a next-nearest-neighbor position corresponding to the V 3 direction. The two kinds of jumps are treated identically and the total number of oxygen atoms in a simulation is constant. Figure 7 (a) shows the number of fragments at the end of a simulation for various oxygen fillings of the lattice versus simulation temperature. All chains are counted, independent of direction or length. This includes "single" oxygen atoms, because they constitute a structure with a defined direction in the plane together with the neighboring copper atoms. The number of fragments is related to the number of atoms in the matrix as well as to the degree of chain formation. At temperatures comparable to the interaction energies, the latter process is dominant. Consequently, the lowest fragment numbers are found for a filled lattice, where chain formation is almost perfect up to temperatures of the order of V 1 / k B . There the chains disintegrate and the number of fragments rises quickly. For oxygen-reduced lattices, the fragmentation is high because short chains exist statistically distributed. When temperatures get low enough, the smaller interactions V 2,3,4 set in and superstructure patterns develop, lengthening the fragments and decreasing their number further. For very low simulation temperatures, we encounter thermal freezeout. As a result, equilibrium is not reached within the simulation time and the number of fragments remains high below 70ϫ 10 −3 V 1 / k B . Pattern building and freeze-out in the simulations thus restrict the temperature range for comparison to experiment.
To account for the metastable photoexcitation state a tunable frozen state is needed in the model. It is introduced as an energy barrier E B , which has to be overcome in a site change. Effectively, the barrier reduces the oxygen hopping rate by a value that depends only on temperature. Figure 7 (b) shows how increasing E B pushes the freeze-out point toward higher temperatures. We chose a value of 0.32V 1 , matching the interaction parameters, to ensure that temperatures for which equilibrium is reached overlap with temperatures of superstructure-pattern development. The experiment suggests that the energy barrier under illumination should be significantly smaller. In a first approximation, we take it to be zero. Illumination is then simply modeled as a reduction of the barrier to zero for all oxygen atoms considered for a site change.
A simulation cycle emulating bleaching runs as shown in Fig. 7(c) . For comparison, the two curves indicated by open symbols are simulation results for zero energy barrier and for E B = 0.32V 1 reproduced from Fig. 7(b) . The three sets of full symbols represent sequential simulations modeling the Raman-bleaching process at three different temperatures. We begin with a random, annealed distribution at an upper temperature of 110ϫ 10 Fig. 7(c) ]. The resulting oxygen matrix is a twinned region of ortho-III phase shown in Figs. 8(a) and 8(d) , similar to the one in Fig. 6(c) . Then the temperature is lowered to the range where little or no oxygen site change occurs due to the energy barrier imposed and the system is frozen [point 2 in Fig. 7(c) ]. Subsequently, light is switched on, simply increasing the hopping rate at low temperatures by setting the barrier to zero [moving to point 3 in Fig. 7(c) ]. The matrix developing under illumination is displayed in Figs. 8(b) and 8(e) , showing a more pronounced O-III pattern. Finally, the oxygen matrix is set back to the initial temperature and value of the energy barrier [ Fig. 7(c), point 4 ] from where it recovers to a state of increased disorder [point 5 in Fig. 7(c) , matrices Figs. 8(c) and 8(f)], and the cycle is completed. Of these stages, the development from point 2 to point 3 corresponds to the bleaching of the Raman experiments. The other two cycles in Fig. 7(c) illustrate the effect of moving this stage to higher or lower temperatures.
Note that with the interaction values V i of the literature there is no one-to-one match of the actual temperatures in the experiment. Moving the simulation cycle down to the appropriate temperatures is hindered by the critical slowing-down effect of the algorithm and would require much longer calculations. Similarly, we used only 0.32V 1 instead of a barrier of about 1 eV. The static model we adopted was calibrated using the phase diagram, providing a set of correctly related parameters for the structural anisotropy which is the driving force of chain development in the first place. The energy barrier deduced from the transport experiments is an order of magnitude larger than the interaction energies and would freeze the simulation above the superstructure temperature range. Also, we do not impose a calibration of the time scale in the dynamical simulations, because this would require some independent information about the excitation rate and hopping cross section. However, we obtain a reasonable order of magnitude by assuming an absorption rate in the experiment [laser power of 3 mW in a volume of 100 nm penetration depth times ͑100 m͒ 2 spot size, 0.66 oxygen atoms on the O-I sites per unit cell volume, time scale of the experiment of 1 h] and comparing it to the Monte Carlo sampling (3 ϫ 10 7 total simulation steps in a matrix of size 120, occupation 1/3). For the time scales to match, one in every 10 2 photons would have to move an oxygen atom. Given the restraints mentioned, however, we merely attempt a qualitative description of the effect of light and activation energies on the number of chain fragments and relate it to the behavior of Raman signal decay. But even with this qualitative character our extension of the ASYNNNI model provides an understanding of the experimental cooling-illuminationreannealing cycle and explains the form and temperature dependence of chain building and therefore Raman bleaching. Figure 8 (g) contains the number of chain fragments during the simulation at low temperatures and under illumination as described in the previous section, from point 2 to 3 in Fig. 7(c) . There is good qualitative agreement between experiment and simulations at low temperatures in that the curves display stretched exponential behavior and the most efficient bleaching is at intermediate temperatures. The functional form of the time dependence is a consequence of the type of ordering process. In a situation with many short fragments and single atoms, the probability of reaching an energetically favorable place at a chain end is high, so the initial decrease in fragment number is steep. Beyond the declining number of possibilities for a single atom to join a chain, the growing chains provide stable barriers which are not likely to be crossed, nor to be moved. In the ordering dynamics above room temperature these two different ranges of the type of ordering, building of chains at first and later growth of domains, were identified and described in terms of scaling laws. [35] [36] [37] [38] The actual relaxation times are thus sensitive to the specific local distribution, and they are likely to increase along with the pattern being built, leading to an over exponential slow-down of reordering. This characteristic corresponds to a deeply disordered system with a broad range of relaxation times, resulting in the typical stretched exponential decay as a function of time. 34 The observed freeze-out then resembles a critical slowing down of the dynamics rather than a well-defined energy barrier for individual oxygen site hopping, which would be simply exponential ͑␤ =1͒. Thus, the form of the decay shows stretched exponential character resulting from the ordering characteristics without any further assumptions.
B. Simulation results
For a more detailed comparison, parameters from fits analogous to the experimental data are shown in Fig. 9 . In Fig. 9 (a) the decay times decrease rapidly with increasing temperature, reflecting the exponential change of hopping probability for a single atom. The low-temperature slow down prevents the development of equilibrium within the calculation length chosen, with an effect on the system similar to that of an effective energy barrier. The simulations resemble the results for the YBa 2 Cu 3 O 7−␦ material in that there is a dependence of ␤ on temperature [ Fig. 9(b) ]. The agreement is expected to be better than for R = Pr, as the parameter set with the in-built anisotropy was chosen to match R = Y. The change of ␤ could be shifted in temperature by including a second energy barrier against hopping of light-excited oxygen in the model, or by extending the length of the simulations. However, the constraints from the critical slowing down prevented us from further pursuing this aspect.
An explanation for the end values [ Fig. 9(d) ] also follows naturally: at high temperature the pattern changes faster, but the system is aiming for a less ordered equilibrium state. All end states remain far from the ideal schematic pattern (no fragmentation), so that a further reduction of fragments remains possible. The initial intensity and the background [compare Fig. 4(d) ] are remarkably similar to the Raman data.
One feature is not contained in the model: the observed bleaching at room temperature. We assumed light excitation to enhance the oxygen hopping rate at low temperatures. At room temperature, where we are already in equilibrium, switching off an energy barrier does not cause any further relaxation. In the simulations, illumination will therefore not change the order in the system. Room-temperature photoexcitation effects are, however, observed in Raman spectroscopy as well as transport experiments. 11 This could be taken into account by assuming that light excitation alters the equilibrium state of the entire system or enhances the probability of switching to a chain site for individual oxygen atoms. However, we refrained from obscuring the simplicity of the model picture with more parameters.
Summarizing, we set up a model to follow the dynamics of oxygen hopping to neighboring sites in a chain plane of RBa 2 Cu 3 O 7−␦ . The interaction energies are defined anisotropically, such that the lattice develops superstructure patterns of chains. For each temperature an equilibrium state exists, where pattern building and thermally induced disorder are balanced. An energy barrier E B causes the system to remain in nonequilibrium within the simulation time at sufficiently low temperatures. Light eliminates the barrier, reactivating oxygen hopping under illumination at low temperatures. At very low temperatures ͑T Ͻ 40 ϫ 10 −3 V 1 / k B ͒ critical slowing down sets in, preventing further simulations. A cycle of annealing with the barrier at high temperatures, setting to low temperatures, watching the reformation without barrier, and warming up again, emulates the experimental cooling-illuminating-warming cycle. A qualitative agreement with the functional form and temperature dependence is found. The latter follows directly from the assumption of light triggering reordering into superstructures in a system of frozen-in disorder. The simulations illustrate the changes induced in the material during low-temperature illumination and subsequent thermal annealing. The model and Raman results deviate for room-temperature bleaching, which is not included in the description.
V. CONCLUSIONS
We have investigated the Raman-signal decay of resonant defect-induced modes in oxygen-deficient YBa 2 Cu 3 O 6.7 and PrBa 2 Cu 3 O 6.7 in the temperature range between 40 and 300 K. We found a temperature dependence of the bleaching with a slow decay for low temperatures and an initially steep and fast decay at high temperatures, which is well described by a stretched exponential function. In contrast to the more tetragonal PrBa 2 Cu 3 O 6.7 , YBa 2 Cu 3 O 6.7 shows a pronounced change in curve shape between 160 and 190 K. We set up Monte Carlo simulations to follow the dynamics of chainfragment development of oxygen superstructures in the chain plane of ͑Y,Pr͒Ba 2 Cu 3 O 6.7 . We found qualitative agreement between simulation and experimental dynamics at low temperatures. At room temperature, the description deviates from the Raman results, as ground-state annealing was not incorporated. Our results support the concept that the Raman-signal decay can be taken as a measure of the structure formation induced by light. Raman spectroscopy combined with a Monte Carlo simulation of oxygen atom hopping thus provides a tool for understanding the dynamics of oxygen atom ordering in high-temperature superconductor materials.
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